Abstract This review begins with a discussion of the nature of stress and then presents the functional model of primary headache as a framework for conceptualizing the complex relationship between stress and headaches. Research is reviewed on stress as a trigger of headaches and how stress can play a role in the developmental and psychosocial context of headaches. Clinical management of headaches from a stress perspective is considered both at the level of trials of behavioral interventions that broadly fit into the stress management category and the additional strategies that might be useful for individual cases based on the research demonstrating associations between stress and headaches. The review concludes by suggesting that although some researchers have questioned whether stress can trigger headaches, overall, the literature is still supportive of such a link. Advances in methodology are discussed, the recent emphasis on protective factors is welcomed, and directions for future research suggested.
Introduction
Nature of Stress Stress research has a long history and includes the work of such luminaries as Walter Canon with the Bfight-flight^response in the 1930s and Hans Selye with the General Adaptation Syndrome in the 1950s. Perhaps the modern era of stress research began with the work of Richard Lazarus and his colleagues (most notably Susan Folkman) in the 1980s. Whilst there are many models of stress, most are variations of the transactional model forwarded by Lazarus [1] . Transactional models view psychobiological stress responses as arising from an imbalance between perceived demands and the perceived personal and social resources of the individual to meet the demands [2] . Stress most commonly occurs when perceived demands exceed perceived resources, but can arise when perceived resources exceed perceived demands (e.g., in monotonous work situations where skills are seen as outstripping the demands of the work). The emphasis is on the word Bperceived^as it is the Bsubjective^assessment of demands and resources that determines level of stress, rather than an Bobjective^assessment.
job to more mundane but still problematic events such as moving house. Daily hassles might include being stuck in a traffic jam, doing household chores, or waiting in a queue. Stress research has investigated the impact of both major and minor life events on health and wellbeing. It is also important to emphasize that stress researchers have a broader definition of events that can cause stress than do most members of the community. For example, in the Social Readjustment Rating Scale, the events considered to cause most stress would come as little surprise to anyone-Bdeath of spouse,^Bdivorce,^and Bjail term^ [4] . However, not far below these items are Bmarriage,B marital reconciliation,^and Bretirement.^Also on the list at a lower level are Boutstanding personal achievement,^Bvacation, and BChristmas.^These events are listed because they do require Bchange in life adjustment,^but if clinicians question their patients about "stressful life events," many patients will not think of such events.
Functional Model of Primary Headache
A functional model has been proposed which conceptualizes headaches in terms of their controlling variables, that is, the antecedents and consequences of headaches [5] [6] [7] . The model seeks to address questions such as: Why does an individual experience a headache at one point in time rather than another point in time? Why is the individual experiencing headaches at this time during his/her life rather than at other times? Why did the headaches begin when they did or change significantly when they did? Why is the individual vulnerable to experiencing headaches? The immediate antecedents are the factors which precipitate headaches, that is, the triggers. Setting antecedents are the psychosocial context of headaches, that is, the lifestyle factors that moderate current vulnerability. Onset antecedents are the events that resulted in the headaches developing initially or becoming significantly worse. Predisposing antecedents are the constitutional (genetic) and personality characteristics that account for individual differences in vulnerability to headaches. Of the four categories of antecedents, stress is most commonly considered as an immediate antecedent of headaches, but is also relevant to the other three categories. Inadequate social support may be a setting antecedent as it increases vulnerability to stressors. Stressful events may be an onset antecedent if they play a role in the development of a headache disorder. Vulnerability to stress may be a predisposing antecedent.
The consequences of headaches can be divided into the reactions of the headache sufferers and their significant others to the headache occurring, and the long-term effects of the headache disorder on the headache sufferer and significant others. The etiological significance of these factors lies in the potential for feedback loops that make the headaches worse. Again, stress is relevant to all four categories of consequences. Headaches constitute stressors, and if an individual reacts to headaches with high levels of stress, then this can create a vicious cycle of stress-headache-stress. Similarly, if significant others react to headaches in ways that increase the stress levels of the headache sufferer, then feedback loops can be established. With respect to the long-term consequences of having a headache disorder, if having a headache spoils social functions on a number of occasions, this might result in discontinuing attending such events. In turn, this may lead to a reduced social network and less social support, which makes headache sufferers more vulnerable to stress.
Only the antecedent side of the model will be used for structuring the research literature as the significance of the consequences of headaches is the vicious cycles that can develop between the consequences and antecedents. Hence, most research related to the stress-headache relationship could be discussed under antecedents or consequences. For example, low social support is both a contributor to stress-related headaches (that is, an antecedent) and a potential consequence of headaches. It is important to be aware of the consequences side of the model, however, when considering the clinical management of headaches from a stress perspective.
Research Literature on the Relationship Between Stress and Headaches
Stress as a Trigger of Headaches The evidence for stress as an immediate antecedent or trigger of headaches comes from three main types of studies: (i) retrospective studies (asking headache sufferers whether stress triggers their headaches), (ii) prospective studies (headache sufferers concurrently selfmonitoring stress and headaches), and (iii) laboratory studies (investigating effect of induced stress). A number of recent papers have raised methodological issues with this literature. Lipton and colleagues have published a table of the strengths and limitations of the different types of studies [8••] . One of their conclusions was that establishing the relationship between antecedent events and headaches is a Bformidable challenge.T urner and colleagues identified three basic assumptions for determining whether Btriggers^cause headaches and argued how difficult it was to evaluate these assumptions [9•] . In a companion study, a subset of these researchers examined one of the assumptions, namely the need for Bconstancy in trigger presentation,^and got nine headache sufferers to monitor headaches and three potential triggers over a period of approximately three months [10•] . Using sophisticated statistical techniques, they concluded that the day-to-day variability was substantial enough for it to be very difficult to draw conclusions about triggers.
Notwithstanding the valid points made in these papers, the results from retrospective studies almost uniformly support stress as the most common trigger in adults both for migraine [11, 12] and for tension-type headache (TTH) [13, 14] and for migraine in children and adolescents [15] . The percentage endorsing stress as a trigger is high in most studies. For example, in the five studies cited, the percentages reporting stress as a trigger range from 71 to 97 %. A recent study from Turkey identified stress as the most common trigger of migraine (79 % of sample) [16] , and a recent study from Brazil reported strong associations between migraine and Bjob stress,^specifically low job control, high job demands, and low social support [17•] .
Prospective studies have to confront the issue of the anticipated temporal relationship between stress and headaches. Tunis and Wolff published a model of migraine in which the buildup to a migraine took place over 3 days [18] , and this model influenced prospective studies in the 1980s and early 1990s. For example, one study compared occurrence of stressful events over the 4 days, leading up to and including a migraine day with the occurrence of stressful events over four headache-free days [19] . This study demonstrated significant elevations in stressful events in the 4 days associated with migraine. Other prospective studies from this period have reported significant associations between stress and headaches but have emphasized individual differences in the magnitude of the stress-headache relationship [20, 21] .
One recent large prospective study (n = 5159) investigated stress levels and headache days per month in 3-month blocks across a 2-year period [22•] . Stress intensity was associated with headaches for individuals suffering from TTH, migraine, and coexisting migraine and TTH, with a stronger relationship in the former group. In TTH sufferers, the relationship between stress and headaches was greater in the younger age group. A prospective study that included physiological measures of stress (saliva cortisol, heart rate average, and heart rate variability) as well as perceived stress, investigated stress over 4 days prior to onset of migraine attacks [23] . The study reported the unexpected finding of no significant relationships between the stress variables and headaches. When the data were re-analyzed for the nine participants who believed that >2/3 of their migraine attacks were triggered by psychosocial stress, a significant relationship was found between perceived stress and headaches but not between any of the physiological measures of stress and headaches.
The study had a small sample (n = 17) of which only nine participants believed that stress was a trigger of their headaches, and there is no reason to believe that a relationship between stress and headaches will be found for all migraineurs. Also, the physiological measures of stress used in the study are open to criticism. For example, heart rate is a measure of arousal and can be elevated for reasons other than stress (e.g., climbing stairs or drinking coffee). Salivary cortisol has been used extensively as a biomarker of psychological stress but is an indirect measure influenced by a number of psychological and biological variables [24] . The authors suggest the possibility of using epinephrine and norepinephrine measured from urine samples in future prospective stress studies [23] .
Another recent prospective study investigated reduction in perceived stress as a migraine trigger [25•] , as there is a literature on Blet-down^headaches and Bweekend^headaches. The study reported that level of stress was not associated with migraine, but decline in stress from one evening to the next was associated with increased migraine onset over the subsequent 6, 12, and 18 h. The support for the let-down hypothesis added to a literature that has produced mixed findings. For example, two retrospective studies of samples with migraine and TTH reported that 32-35 % of their participants experienced weekend headaches [26, 27] . In contrast, two prospective studies found no support for weekend headaches [28, 29] , and in fact, one of these studies reported that relaxation after stress had a protective effect against migraine attacks [29] . The authors of the recent study offer a number of explanations for their findings and emphasize the need for more research with a larger sample [25•] .
It has been suggested that triggers aggregate together to precipitate headaches. One recent study investigated the relationship between stress and sleep duration and headaches in chronic headache sufferers [30] . This study demonstrated that two consecutive days of either high stress or low sleep were strongly predictive of headache, whereas 2 days of low stress or adequate sleep were protective. Another study investigated stress and menstruation and migraine and reported that migraine in women was mainly associated with stress, and women are more susceptible to stress in the premenstrual period [31] .
With respect to laboratory studies of stress as a trigger, two early studies exposed headache sufferers to mental stress and found that between 63 and 83 % reported headaches in response [32, 33] . We have reported three studies in which headache sufferers (migraine and TTH) and control participants were exposed to a stressor (35 min of difficult-to-solve anagrams accompanied by failure feedback) compared to a control condition [34] [35] [36] . In each study, the stress condition was associated with increased ratings of head pain compared to the control condition. These studies were all completed some years ago but provide some of the strongest evidence that stress can cause headaches as they involve a manipulation of stress.
Stress as a Psychosocial and Developmental Context for
Headaches Studies relevant to stress as a setting antecedent factor for headaches include studies of life events, daily hassles, and perceived stress as they relate to headaches. Also relevant are studies of the variables that play an important role in the stress response, namely studies of appraisal, coping, and social support. Studies investigating the relationship between stressful life events and headaches have used different measures and reported mixed results. Studies using the Social Readjustment Rating Scale [37, 38] and List of Recent Experiences [39] have found no significant differences between headache sufferers and controls, whilst studies using the Life Events Inventory [40] and Life Experiences Survey [41] have found small but significant differences indicating more stressful life events for headache sufferers. Studies of daily hassles consistently report that headache sufferers experience more hassles than controls [38, 40] . Likewise, studies of perceived stress consistently report higher levels in headache sufferers than controls [42] [43] [44] .
Holm and colleagues demonstrated that individuals with tension headaches appraise the stressful events they experience more negatively than controls [40] . Specifically, when the potential impact of a stressful event was ambiguous, headache sufferers perceived the event as having a greater impact and themselves as having less control. Also, headache sufferers employed less effective coping strategies in their effort to manage stressful events since they placed more reliance on the relatively ineffective coping strategies of avoidance and self-blame and made less use of social support than did controls. Similarly, Hassinger and colleagues reported that migraineurs responded to stress with wishful thinking, selfcriticism, social withdrawal, and catastrophizing compared to controls [45] . Najam and Aslam found that for TTH sufferers, as perceived, stress increased the use of avoidant coping increased and active coping decreased [46] .
A number of studies have found headache sufferers to be at a disadvantage compared to controls on various measures of social support. Martin and Theunissen reported differences between headache and control groups in terms of availability and adequacy of attachment and availability and adequacy of social integration [39] . Martin and Soon found that headache sufferers were significantly less satisfied with the support available to them and scored lower on all four types of functional support (appraisal, esteem, belonging, and tangible) [42] .
Recent studies have yielded findings consistent with earlier studies. Eskin and colleagues reported that patients suffering from TTH and migraine experienced higher perceived stress and deficient social problem solving compared to controls [47] . As mentioned previously, Santos and colleagues found that migraine was associated with low social support [17•] .
With respect to onset antecedent factors, early studies reported that stress seemed relevant in the onset of headaches in 54 % of cases [48] and in the onset of migraine in 50 % of cases [49] . More recently, stress has been postulated by a number of authors as a risk factor for headache Bchronification^ [50] [51] [52] but the evidence related to this suggestion is limited. D'Amico and colleagues reported that in their sample, for 44.8 % of cases, a stressful event was correlated with the transformation from episodic headache to chronic headache [53] . Minor events (daily hassles) played a greater role in transforming headaches than major events, which the authors interpret as suggesting that patients with transformed headache are characterized by different ways of reacting to stress rather than by greater exposure to major stressful events.
With respect to predisposing antecedent factors, for many years, it was argued that headache sufferers tend to have a particular personality profile with descriptions such as Btense, driving, obsessional perfectionist with an inflexible personality, who maintains a store of bottled-up resentments which can neither be expressed nor resolved^( [49] , p. 142). In an early review that tracked down over 100 studies, Blanchard and colleagues concluded that the data do not support the concept of a Bheadache personality^but that headache sufferers were more psychologically distressed [54] . Other studies have investigated whether particular behavioral styles or patterns are associated with headaches. Studies have reported elevated scores by headache sufferers on two alternative measures of the Type A Behavior Pattern (sometimes referred to as Bhurry sickness^), the Jenkins Activity Schedule [55, 56] , and the measure of Type A from the Framingham study [57] . In a recent study, Hedborg and colleagues found that migraineurs scored high on the personality measure of stress susceptibility [58] .
Clinical Management of Headaches from a Stress Perspective
Some researchers have developed treatment programs for headaches that are referred to as "stress management therapy"/Bstress-coping^, e.g. [59, 60] , but the most common descriptors for behavioral interventions are biofeedback training, relaxation training, and cognitive behavior therapy (CBT). The terminology has not been used consistently, however, as biofeedback and CBT often include relaxation training. Some approaches to behavioral treatment of headache incorporate all these techniques, e.g., [61, 62] . Virtually, all types of behavioral treatment could be conceptualized as forms of stress management training as, for example: (i) relaxation training is designed to reduce tension, (ii) biofeedback training aims to change physiological variables (e.g., decrease muscle tension) commensurate with lower sympathetic arousal, and (iii) CBT typically targets the dysfunctional thoughts and beliefs associated with stress and negative emotions, as triggers or responses to headaches.
There is now an extensive literature evaluating behavioral treatment for migraine and TTH and there are many reviews, e.g. [63] [64] [65] , so only a few synoptic comments will be included here. The efficacy of biofeedback training, relaxation training, and CBT is well established. The mechanisms by which they achieve their success is much less clear. In a landmark study of electromyographic biofeedback training, the findings led the authors to argue that the demonstrated reduction in headaches was not a function of reduced activity in the targeted muscle, but resulted from participants viewing their headaches as having a more internal locus of control and themselves as more self-efficacious (i.e., as capable of influencing their headaches) following treatment [66] . These cognitive changes were argued to lead to new and more persistent efforts to cope with headache-related stress that, in turn, altered the psychobiological stress response-triggering headaches. A number of studies have replicated the finding that behavioral treatment is associated with similar cognitive changes, e.g. [67] , and there is evidence that self-efficacy moderates the impact of stressful events on headache [68] .
Versions of behavioral treatment that require less therapist time (Bminimal therapist contact^(MTC) programs) have been developed, and reviewers have concluded that with rare exceptions, the benefits of MTC interventions rivalled those of standard therapist-administered interventions [69] [70] [71] . Internet versions of behavioral interventions have been developed, but evaluations of these interventions have produced mixed results. For example, an early study reported a clinically significant reduction in headaches for 50 % of users of their internet intervention [72] . However, the dropout rate in this study was high at 56 %. A recent large RCT (n = 368) compared an 8-session online treatment program with minimal email support against a wait-list control group and failed to find a significant difference between the groups in terms of reduction in migraine attack frequency [73•] .
A new development in this literature is to use MindfulnessBased Stress Reduction with headache sufferers, but so far, this has not led to significant decreases across a range of headache measures [74, 75] .
The treatment literature evaluates standardized Bpackagesf or the treatment of primary headache, but the discussion in this article on the relationship between stress and headaches suggests that a range of techniques could be useful for reducing headaches via stress pathways for particular individuals. The functional model of primary headache includes four types of antecedent factors and four types of consequences, and potential targets for treatment can be found in any of these categories. For example, if a headache sufferer has inadequate social support (setting antecedent), then this could be a target for treatment, or if headaches began as a consequence of sexual abuse (onset antecedent), then this might be an appropriate focus. If a headache sufferer meets the criteria for the Type A Behavior Pattern (predisposing antecedent), then treatment could include techniques designed to change this behavioral style. On the consequences side, if a headache sufferer responds to a headache beginning to develop by trying to do all the tasks that she/he would not be able to do when incapacitated by a headache, then part of the treatment plan might be to change that behavior to a more adaptive reaction. If significant others respond to headaches by expressing anger or frustration, rather than being supportive, then this might be a treatment goal.
With respect to stress as a trigger of headaches, there is a long standing tradition of encouraging headache sufferers to avoid headache triggers. For example, one of the Bseven elements of good headache management^of the World Health Organization is Bidentification of predisposing and/or trigger factors and their avoidance through appropriate lifestyle change^( [76] , p. 77). In contrast, we have argued in a series of reviews, on the basis of consideration of cognate literatures and our laboratory research, that avoidance of triggers runs the risk of sensitization to the triggers or reduced tolerance for the triggers [77] [78] [79] . We have argued in these reviews for an alternative approach to trigger management called "Learning to Cope with Triggers" (LCT), in which triggers that are inconsistent with good health (e.g., fasting, dehydration, inadequate sleep) should be avoided, but programmed exposure with the goal of desensitization is the preferable strategy with other triggers (e.g., flicker/glare/eyestrain, noise, anxiety). In a recent RCT, we demonstrated that LCT was associated with approximately three times the reduction in headaches as advice to avoid all triggers [80••] . Three cases treated with LCT have recently been published to illustrate the approach [81] . BCoping^with triggers rather than avoidance of triggers is beginning to receive some acceptance in the literature, e.g., [82, 83] .
It is clearly unrealistic to advise avoiding Bstress^if the term stress refers to events (major or minor) that can lead to a psychobiological stress response, as such events are an inescapable fact of life for everyone. The phrase BLearning to Cope with Triggers^seems particularly apt with respect to stress as individuals need to learn to cope with events that can evoke stress. Stress management training typically involves exposure rather than avoidance as participants are taught stress management strategies and then encouraged to practice using these strategies under conditions of mildly elevated stress, often achieved via participants imagining themselves in a stressful situation. In LCT, we use such an approach, specifically stress inoculation training [84] . Of course, this is not to suggest that some extreme stressors may best be avoided if that is possible, at least at times of high vulnerability, such as on specific days in the menstrual cycle for females.
Conclusions
Reflecting on the progress that has been made on understanding the relationship between stress and primary headache in the last decade, it is easy to be negative about it. For example, a number of researchers have made an eloquent case as to how difficult it is to establish unequivocally that a trigger is a trigger [8••, 9•, 10•], and doubts have been cast as to whether stress is a trigger, e.g., [23] . Interpretations of literatures are always a matter of judgement as definitive evidence is rarely available, but it is the opinion of this reviewer that takes, overall, the case for stress as a trigger of some headaches in some people is still strong. The relationship between stress and headaches is not limited to stress as a trigger.
Some of the positives that have come out of the recent literature are methodological advances. Researchers have argued for the advantages of using a causal model to test predictions with respect to whether triggers cause headaches [9•] .
With respect to measurement, electronic diaries have many advantages over the paper diaries traditionally used for prospective studies of the relationship between stress and headaches [85] and should be used in future research [8••] . Suggestions have been made as to physiological measures that could be used in prospective studies [23] . Novel, sophisticated statistical techniques have been utilized for studying the relationship between stress and headaches, e.g., [10•, 22•] .
An interesting development in the literature has been the introduction of protective factors, defined by Lipton and colleagues as "exposures associated with a decreased probability of an attack over a relatively brief period of time" [8••] . Knowledge of protective as well as trigger factors has an obvious role to play in headache management, but as with trigger factors, the issue of establishing causality is apparent. Some identified protective factors seem likely to have a direct causal effect such as B2 days of low stress or adequate sleep^ [30] . However, an event typically experienced as highly stressful could serve as a protective factor if it led to behaviors that reduced stress (e.g., relaxation practice, meditation, and massage).
Future research should utilize the methodological advances discussed above, and as some of the contrary findings were in studies with small samples, replicating the research with larger samples would be informative. Topics that seem particularly worthy of further research in this domain include: (i) interactions between stress and other triggers, (ii) the timing between stress levels rising or falling and headache onset and whether this is affected by the potency of the trigger, (iii) individual differences in the relationship between stress and headaches, (iv) the role of stress in onset of a headache disorder and headache chronification, and (v) the mechanisms of behavioral interventions (e.g., are the benefits moderated/mediated by changes in stress variables?).
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